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PROCESS CHAMBER FOR MANUFACTURING A 
SEMICONDUCTOR DEVICE 

BACKGROUND OF INVENTION 

1 . Field of the Invention 

[0005] The present invention relates to the manufacturing of a 

semiconductor device. More specifically, the present invention relates the process 
chamber of plasma etching apparatus. 

2. Description of Related Art 

[0010] Generally, a semiconductor device is fabricated by stacking a 
plurality of layers on a silicon wafer, each of the layers having a circuit pattern. 
The circuit patterns are formed by a plurality of unit processes such as deposition, 
photolithography and etching processes. Moreover, there is an ever increasing 
demand for more highly integrated semiconductor devices. In this respect, height 
differences at the surface of the semiconductor wafer become more pronounced 
the higher the integration density becomes. Therefore, the above-mentioned unit 
processes must be precisely executed if a pattern having a fine pitch is to be 
formed on such a surface wherein a great step height exists. 
[0015] To this end, plasma application processes have been used to fabricate 
the semiconductor devices. These processes have shown great ability to precisely 
process a silicon wafer, including when used to form a circuit pattern having a 
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fine pitch on an uneven surface of a semiconductor wafer. 

[0020] A process chamber for performing a plasma dry etching process, as 
one example of the plasma application processes, will be described below. 
[0025] A conventional plasma dry etching process chamber comprises a 
sealed vessel in which a predetermined pressure is maintained, and an upper 
electrode and a lower electrode disposed in the vessel as spaced from each other. 
A process gas is introduced into the vessel. A power source is connected to the 
upper electrode and lower electrodes. 

[0030] The upper electrode has a process gas supplying hole through which 
the process gas is supplied into the vessel. The lower electrode supports an 
electrostatic chuck that receives a wafer thereon. Rings formed of an insulator, 
such as quartz, are installed around the upper electrode and the lower electrode or 
along an internal wall of the vessel to electrically insulate the upper electrode and 
the lower electrode with each other. 

[0035] A plasma dry etching process using the plasma dry etching process 
chamber will be described below. 

[0040] First, the wafer is loaded into the vessel by a transfer arm and is 
placed on the electrostatic chuck. Power is then applied to the upper electrode 
and the lower electrode as soon as the process gas i s supplied into the vessel. 
Therefore, an electric field is formed between the upper electrode and the lower 
electrode and the process gas introduced into the process chamber is activated 
and converted into plasma. Then, ions of the plasma etch the wafer situated on 
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the electrostatic chuck. 

[0045] However, the conventional process chamber suffers from a problem 
in that the ions o f the plasma etch not only the wafer but also surfaces of the 
upper and lower electrodes and the rings installed at the side of the electrodes or 
at the internal walls of the outer vessel, thereby producing particles. The particles 
cause various problems such as lowering the operating rate of the semiconductor 
processing equipment and increasing wafer loss. 

[0050] Furthermore, byproducts produced in the plasma dry etching process 
are deposited on the quartz rings, and the deposited byproducts act as a source of 
contaminants in the subsequent processes. 

SUMMARY OF THE INVENTION 
[0055] An object of the present invention is to overcome the problems 
described above. It is thus an object of the present invention to provide a process 
chamber for manufacturing a semiconductor device, the process chamber having 
a protection layer on internal surfaces thereof that prevents particles from being 
formed therein. 

[0060] In accordance with one aspect of the present invention, there is 
provided a process chamber of semiconductor fabrication equipment, which 
includes a vessel in which a process gas is supplied, an upper electrode installed 
in an upper part of the vessel and to which power is applied, a shield ring 
extending alongside the upper electrode for insulating the upper electrode, a 
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lower electrode disposed under the upper electrode as spaced from the upper 
electrode and to which power is applied to convert the process gas to plasma, an 
electrostatic chuck sitauted on the lower electrode and on which a wafer is 
received, and an insulation ring unit extending alongside the lower electrode for 
insulating the lower electrode. The shield ring and the insulation ring unit have a 
protection layer as an outer coating to prevent the shield ring and the insulation 
ring unit from being etched. 

[0065] The protection layer is preferably a layer of A1N, TiN, DLC or of 
A1 2 0 3 . The protection layer may be formed by sputtering, for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0070] These and other features and advantages of the present invention will 
be readily apparent to those of ordinary skill in the art upon review of the 
detailed description that follows when taken in conjunction with the 
accompanying drawings, in which like reference numerals denote like parts, and 
in which: 

FIG. 1 is a schematic diagram of a process chamber for fabricating a 
semiconductor device in accordance with the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0075] As shown in FIG. 1, a process chamber 100 according to the 
present invention includes an outer vessel 120 having the shape of a cylinder. An 
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upper electrode 140 to which a power source is connected is installed in an upper 
part of the outer vessel 120. The upper electrode 140 has a process gas supplying 
hole (not shown) so that a process gas may be supplied into the vessel 120 
therethrough. A cooling plate 142 is installed on an upper surface of the upper 
electrode 140 to control the temperature of the upper electrode 140. A shield ring 
144 extends along the outer peripheral edge of the upper electrode 140 to insulate 
the upper electrode 140. 

[0080] An outer ring 125 formed of quartz is installed at an outer edge of the 
shield ring 144 and a center ring 124 is installed at an outer edge of outer ring 
125. 

[0085] The lower electrode 160 is disposed under the upper electrode 140 as 
spaced from the upper electrode 140. A power source, such as a high frequency 
power source, is connected to the lower electrode 160. The lower electrode 160 is 
movable u p and d own b y a driving means ( not s hown) t o a djust the s ize o f a 
space formed between the upper electrode 140 and the lower electrode 160. An 
electric field is formed in the space between the upper electrode 140 and the 
lower electrode 160 by applying the power to the lower electrode 160 and the 
upper electrode 140, whereby process gas supplied into the vessel 120 is 
converted to plasma. A bellows 126 is connected to the bottom of the lower 
electrode 160 so that it can be compressed and expanded along with the vertical 
movement of the lower electrode 160. Furthermore, an electrostatic chuck 162 on 
which a wafer 90 to be etched is received is disposed on the lower electrode 160. 
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An insulation ring unit 170 extends along the outer periphery of the lower 
electrode 160 to insulate the lower electrode 160. The insulation ring unit 170 
comprises a base ring 169 for insulating a lower part of the lower electrode 160, a 
cover ring 1 66 f or i nsulating an upper part of the lower electrode 1 60 and an 
exhaust ring 168 interposed between the base ring 169 and the cover ring 166 to 
insulate a middle part of the lower electrode 160. 

[0090] A focus ring 164 extends along the outer periphery of the electrostatic 
chuck 162 at an upper surface of the cover ring 166 to direct reactive ions of the 
plasma towards the wafer 90. The focus ring 164 is formed of aluminum Al so 
that it will not be etched by the ions. 

[0095] The shield ring 144 for insulating the upper electrode 140 and the 
insulation ring unit 1 70 are formed of an insulator such as quartz. Preferably, the 
surfaces of the shield ring 144 and the insulation ring unit 170 are coated with a 
protection layer. Furthermore, the outer peripheral side surface and the bottom 
surface of the shield ring 144, and the upper surface and the outer peripheral side 
surface of the cover ring 166 are coated with a protection layer because those 
surfaces are most frequently exposed to the ions of the plasma. The protection 
layer is formed of A1 2 0 3 , A1N or TiN. The shield ring 144 and the insulation ring 
unit 170 may alternatively be coated with a diamond-like coating (DLC) by 
positioning substrates thereof in a vacuum coating chamber and depositing 
thereon a diamond-like composition containing carbon, silicon, oxygen, 
hydrogen, and fluorine using clusterless particle beams of ions, atoms, or radicals 
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of the carbon, silicon, oxygen, hydrogen, and fluorine. The protection layer may 
be formed by well-known coating methods. For example, the protection layer 
may be formed by a sputtering method in which the coating material is deposited 
on a substrate based on momentum transfer by the bombardment of the substrate. 
The protection layer prevents the surfaces of the shield ring 144 and the 
insulation ring unit 170 from being etched and thereby damaged, and thus 
prevents the b yproducts produced in the etching process from being deposited 
onto the surfaces of the process chamber 100. 

[0100] Reference numerals 122 and 123 denote an upper masking shield 122 
and a lower masking shield 123, respectively, and reference numeral 180 denotes 
the space where the plasma is formed. 

[0105] The operation of the process chamber 100 will be described below. 
[0110] First, the wafer 90 is loaded by a transfer arm on the electrostatic 
chuck 162 of the process chamber 100. High frequency power is then applied to 
the upper and lower electrodes 140, 160 as soon as the process gas is supplied 
into the vessel 120 of the process chamber 100. 

[0115] Thus, an electric field is formed between the upper electrode 140 and 
the lower electrode 160 and the process gas is converted to plasma by being 
activated by the electric field. Ions of the plasma etch the wafer 90 on the 
electrostatic chuck 162. At this time, the shield ring 144 and the insulation ring 
unit 170 will not be etched because they are coated with a protection layer, such 
as a layer of A1 2 0 3 , A1N, TiN or DLC. 
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[0120] As described above, the process chamber 100 in accordance with the 
present invention includes a shield ring 144 and an insulation ring unit 170 for 
insulating the upper and lower electrodes 140 and 160 from each other. 
Furthermore, the shield ring 144 and the insulation ring unit 170 are coated with 
a protection layer so as not to be etched during the etching of the wafer 90. 
Furthermore, particles are not generated because the outer vessel or the rings 
formed of quartz is/are not etched during the etching process, thereby preventing 
the operating rate from decreasing and wafer loss. Further, byproducts formed 
during the etching process in the process chamber 100 will not be deposited onto 
the shield ring 144 and the insulation ring unit 170 because the protection layers 
of the shield ring 144 and the insulation ring unit 170 prevent the deposition of 
the byproducts thereon. Accordingly, the wafer loss is greatly reduced and cost of 
cleaning the process chamber is lowered. 

[0125] Although the present invention has been particularly shown and 
described with reference to the preferred embodiments thereof, various changes 
in form and details may be apparent to those skilled in the art. For example, the 
present invention has been described with respect to dry etching equipment; 
however, the present invention is not so limited. Rather, the present invention is 
applicable to all types of plasma processing equipment. Accordingly, the 
foregoing and other changes made to the preferred embodiments without 
departing from the true spirit and scope of the invention as defined by the 
appended claims. 
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